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ABSTRACT : PROBLEM TO BE SOLVED: To provide an electron beam irradiation device capable of 
always stably irradiating a large beam current by stably and finely controlling a current 
supplying a filament. 

SOLUTION: The electron beam irradiation device has an electron gun 7 generating 
electrons from a heat filament 1 arranged in vacuum, a high voltage source 10 providing a 
negative electric potential to the electron gun and electrons generated from the electron 
gun and supplying the filament with a current, a plurality of accelerating electrodes 2 for 
accelerating electrons, electromagnets 1 6 and 1 7 for bias-scanning the accelerated 
electron beam by a magnetic force and a thin film 1 5 for taking out the electron beam in 
vacuum to the atmosphere. A rotary voltage controller 27 arranged in the high electric 
potential side for controlling the current for supplying to the filament 1 is provided. An 
electric isolation rod that is connected to the rotary part of the controller controlling the 
output voltage of the voltage controller and is capable of operating from the ground side is 
also provided. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The electron gun which generates an electron by the heat filament arranged 
in a vacuum, Two or more accelerating electrodes which accelerate the high-tension 
power source t which supplies a current to said filament, and said electron while giving 
non-potential to the electron generated from said electron gun and said electron gun, 
In the electron-beam-irradiation equipment which has the electromagnet which 
carries out the deflection scan of the accelerated electron ray with magnetic force, 
and the thin film which takes out this electron ray in a vacuum in an atmospheric-air 
ambient atmosphere Electron-beam-irradiation equipment characterized by having an 
operational electric insulation rod from the earth side linked to the rotating part of the 
rotating type voltage regulator arranged at the high potential side which adjusts the 
current supplied to said filament, and this regulator that adjusts the output voltage of 
this voltage regulator. 

[Claim 2] Electron-beam-irradiation equipment according to claim 1 characterized by 
said voltage regulator being a SURAI duck. 

[Claim 3] Electron-beam-irradiation equipment according to claim 1 characterized by 
making it rotate with said stepping motor which connected the revolving shaft of a 
stepping motor to said insulating rod at the earth side, and has arranged the revolving 
shaft of said rotating type voltage regulator to the earth side. 

[Claim 4] Electron-beam-irradiation equipment according to claim 1 to 3 
characterized by having changed into the lightwave signal the signal about the 
electrical potential difference or current of a filament arranged at said high potential 
side, having transmitted it to the earth side through the optical fiber, and having 
arranged this optical fiber so that the creeping distance may become long. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is used for refining of the matter which starts 
electron-beam-irradiation equipment, uses for bridge formation of resin, or is used for 
processing of the exhaust gas discharged from a thermal power station etc., and 
relates to the suitable electron-beam-irradiation equipment for high current electron 



beam irradiation. 
[0002] 

[Description of the Prior Art] It is thought that global warming, acid rain, etc. by 
current and the air pollution which poses a problem globally originate in components 
which exist in the combustion gas discharged from a thermal power station etc., such 
as SOx and NOx. Performing desulfurization and denitrification (clearance of injurious 
ingredients, such as SOx and NOx) is carried out by irradiating an electron ray at a 
combustion gas as an approach of removing these injurious ingredients, such as SOx 
and NOx. 

[0003] Drawing 1 shows an example of the processor of a combustion gas using the 
electron-beam-irradiation equipment used for the starting application. The processor 
of this combustion gas mainly consists of passage 19 of a combustion gas prepared 
along with the window foil 15 which is the exposure outlet of the electron ray of the 
power unit 10 which generates direct-current high tension, the 
electron-beam-irradiation equipment 1 1 which irradiates an electron ray at a 
combustion gas, and its equipment 11. For example, when the electron ray emitted 
outside from the window foil 15 which consists of sheet metal, such as Ti, irradiates 
molecules, such as oxygen in a combustion gas (02), and a steam (H20), these serve 
as a radical of OH [ with dramatically strong oxidizing power ], O, and H02 grade. And 
these radicals oxidize harmful matter, such as SOx and NOx, and generate the sulfuric 
acid and nitric acid which are an intermediate product. These intermediate products 
react with the ammonia gas (NH3) supplied beforehand, serve as an ammonium sulfate 
and an ammonium nitrate, and are collected as a fertilizer raw material. Therefore, in 
such a flue-gas-treatment system, while components, such as harmful SOx and NOx, 
are removable out of a combustion gas, it is recoverable as a raw material of fertilizer, 
such as an ammonium sulfate, an ammonium nitrate, etc. useful as the byproduction 
article. 

[0004] Drawing 2 shows the example of 1 configuration of generating of the electron 
ray of electron-beam-irradiation equipment, and the acceleration section. The 
generating acceleration section of an electron ray here The electron sources 1, such 
as a thermoelectron filament, The acceleration tube 5 which consists of accelerating 
electrodes 2 of a large number which accelerate further the electron ray used as the 
electron gun 7 which makes the electron generated from the electron source 1 the 
shape of an abbreviation beam, and the beam which has energy and a configuration 
predetermined with an electron gun 7, While controlling the beam diameter by 
impressing a field to the electron ray of the high energy formed with the acceleration 



tube 5, it mainly consists of one or more electromagnets which deflect and scan this 
beam in the longitudinal direction and the direction of a short hand. Among these, 
generation and the acceleration section of an electron gun and the electron ray of an 
accelerating-electrode this are arranged in a vacuum housing, and the interior is held 
at the high vacuum of about 10 - 6Pa. The formed high energy electron beam is 
supplying a current to the coil 16 for a deflection, and the coil 17 for a scan, and 
forming a field with an electromagnet, as shown in drawing 1 , and outgoing radiation of 
it is carried out to the predetermined range of the emission way 19 from the exposure 
aperture (window foil) 1 5, being deviated and scanned (refer to drawing 1 ). 
[0005] In recent years, the amount of electron beam irradiation required of per 
electron-beam-irradiation equipment of a processed material (for example, 
combustion gas) has increased. Furthermore, the need of reducing the installation 
area per exposure current value of the electron-beam-irradiation equipment in a 
treatment facility has increased. In connection with this, although the generating beam 
current per electron-beam-irradiation equipment was about 100-300mA 
conventionally, an about 500mA high current will be required as the generating beam 
current per set in recent years. 

[0006] The filament 1 on which an electron gun 7 generates a thermoelectron because 
a current flows (electron source), It is called a filament and the WENERUTO electrode 
which is **** potential. Said electron source abbreviation picking The electrode 3 
which has the path which is the configuration to surround and emits said electron, It 
consists of fin 6 grades which miss the heat of the electrode 4 which has been 
arranged at the electronic travelling direction side emitted from the filament, and 
which pulls out and is called an electrode, the filament flange 8 holding a filament, and 
the filament flange 8, and cool the source of an electron ray from an electrode 3. In 
addition, Sign S is the hole of the accelerating electrode 2 passed accelerating and 
completing the electron ray of the section of acceleration. 

[0007] Formation of the electron beam in an electron gun is performed as follows. The 
filament 1 on which a current flows serves as an about 2000-3000-degree C elevated 
temperature, and emits a thermoelectron according to the thermionic emission 
multiplier known as Richardson Dash Mann's formula according to the construction 
material of a filament. A filament 1 and the WENERUTO electrode 3 are connected to 
the high-tension power source 10, and the negative static voltage of 500-1 500kV is 
impressed. Usually, a tungsten (W), a tantalum (Ta), and a lanthanum (La) compound 
tend to emit a thermoelectron, that is, the construction material of a filament 1 is 
known as a low ingredient of a work function, the potential of a filament 1 — usually — 



the number of several V- from the potential of the WENERUTO electrode 3 — it has 
the bias potential of 10V and the electron emitted from the filament 1 floats to the 
hole 9 neighborhood opened to the WENERUTO electrode 3. The drawer electrode 4 is 
arranged from the WENERUTO electrode 3 at the electronic direction of radiation, the 
potential is set as touch-down (ground) potential rather than a filament 1, and near 
and its potential difference are usually set as 10-30kV. The hole 9 of the WENERUTO 
electrode 3 to an electron is drawn out by the electron lens pull out with the 
WENERUTO electrode 3 which has concave surface curvature, and according to the 
electric field between electrodes 4, and it converges further, and becomes an electron 
beam, an electron runs in an acceleration tube 5, convergence and acceleration are 
respectively repeated according to the lens effectiveness of two or more accelerating 
electrodes 2, it becomes the predetermined shape of beam, window foil 15 is passed 
eventually, and the irradiated object by the side of the atmospheric air from 
electron-beam-irradiation equipment irradiates. 

[0008] In the electron-beam-irradiation equipment mentioned above, since a 
thermoelectron is emitted according to the formula of Richardson Dash Mann decided 
by the temperature and construction material of a filament when a current is supplied 
to a filament and a filament serves as an elevated temperature, in order to supply the 
necessary beam current, it is required to supply the necessary electrical potential 
difference corresponding to the construction material and the resistance of a filament 
to the ends. However, filaments are consumable goods and tend to become thin 
gradually with the activity passage of time. For this reason, in order to supply a 
current to a filament and to maintain to necessary temperature, it is necessary to 
adjust suitably the electrical potential difference impressed to the ends of a filament. 
[0009] By the way, an electron gun 7 is arranged at a negative high potential side, as 
mentioned above, and the exposure aperture 15 is arranged at a ground potential side. 
And in order to supply a necessary current to a filament, it is necessary to supply the 
electrical potential difference about dozens thru/or 1 00V to the ends. For this reason, 
the alternating current of high tension is changed into a filament through a 
transformer at the alternating current of a low battery, and the filament is supplied 
through the voltage regulator which has arranged that ac output to the high potential 
side. 
[0010] 

[Problem(s) to be Solved by the Invention] Control of the beam current has the 
approach of carrying out feedback control of the current supplied to a filament to 
desired value as the example using an error amplifier, although various kinds of 



approaches exist from the former. This is the approach of controlling the filament 
current using error amplifier so that a actual current value is detected and a actual 
current value is in agreement with a necessary target current value as compared with 
a necessary target current value. However, by the method using such an error 
amplifier, although feedback control of a current is always performed, when the 
electron current produced from a filament was seen in micro, it had fluctuation, and 
had the problem from which hunting is caused for this reason and control becomes 
unstable. That is, it was difficult to always be stabilized and to acquire the big electron 
current from a filament by the conventional control approach. 

[0011] In view of the situation mentioned above, it succeeded in this invention, it 
makes stably controllable to a precision the current supplied to a filament, and it 
thereby always aims at offering the electron-beam-irradiation equipment which can 
irradiate the big beam current to stability. 
[0012] 

[Means for Solving the Problem] The electron gun which generates an electron by the 
heat filament by which invention according to claim 1 has been arranged in a vacuum, 
Two or more accelerating electrodes which accelerate the high-tension power source 
t which supplies a current to said filament, and said electron while giving non-potential 
to the electron generated from said electron gun and said electron gun, In the 
electron-beam-irradiation equipment which has the electromagnet which carries out 
the deflection scan of the accelerated electron ray with magnetic force, and the thin 
film which takes out this electron ray in a vacuum in an atmospheric-air ambient 
atmosphere It is electron-beam-irradiation equipment characterized by having an 
operational electric insulation rod from the earth side linked to the rotating part of the 
rotating type voltage regulator arranged at the high potential side which adjusts the 
current supplied to said filament, and this regulator that adjusts the output voltage of 
this voltage regulator. 

[0013] Invention according to claim 2 is electron-beam-irradiation equipment 
according to claim 1 characterized by said voltage regulator being a SURAI duck. 
[0014] Invention according to claim 3 is electron-beam-irradiation equipment 
according to claim 1 characterized by making it rotate with said stepping motor which 
connected the revolving shaft of a stepping motor to said insulating rod at the earth 
side, and has arranged the revolving shaft of said rotating type voltage regulator to the 
earth side. 

[0015] Invention according to claim 4 is electron-beam-irradiation equipment 
according to claim 1 to 3 characterized by having changed into the lightwave signal 



the signal about the electrical potential difference or current of a filament arranged at 
said high potential side, having transmitted it to the earth side through the optical 
fiber, and having arranged this optical fiber so that the creeping distance may become 
long. 

[0016] According to this invention, the revolving shaft of the voltage regulator in the 
high potential side of about 800kV can be generally rotated directly by operating the 
revolving shaft which adjusts the output voltage of the voltage regulator arranged at 
the high potential side using an operational insulating rod from an earth side. 
Therefore, it becomes possible from an earth side to control the electrical potential 
difference supplied to a direct filament. And an earth side is equipped with a pulse 
motor and the precise control for every 1 pulse step is attained by connecting with 
the above-mentioned insulating rod and controlling the revolving shaft of the pulse 
motor. Moreover, it becomes possible to grasp a actual current value or an 
electrical-potential-difference value to a precision by transmitting the signal about 
the electrical potential difference or current of a filament arranged at the high 
potential side with a lightwave signal through an optical fiber. And by comparing an 
optical fiber and winding in the shape of a rose plug, since the creeping distance 
becomes long, risk, such as discharge by the side of the earth, is avoidable. 
[0017] 

[Embodiment of the Invention] Hereafter, it explains, referring to drawing 3 thru/or 
drawing 5 about the operation gestalt of this invention. 

[0018] Drawing 3 shows the configuration of the high-tension power source of the 
operation gestalt of this invention. R of a commercial alternating current power source, 
S, and T phase are introduced into the DC-power-supply section 21. In the 
DC-power-supply section 21, delta wiring and Y wiring are used together, and the 
cure against a higher harmonic is performed. And the coil of a secondary is arranged 
so that the coil of these delta wiring and Y wiring may be countered, and it connects 
with the rectifier circuit which consists of a diode bridge. A rectifier circuit is 
constituted by diode, a resistor, the capacitor, etc., rectifies the alternating voltage of 
the secondary which carried out pressure up of the alternating voltage by the side of 
primary, and changes it into a direct current here. And it has two or more steps, for 
example, 25 steps, of rectifier circuits here, and the rectifier circuit of each stage is 
connected to a serial, respectively, 25 steps of direct-current-voltage outputs of 
each stage are added, for example, and the direct current voltage of high potential is 
obtained. A transformer 23 is installed in the maximum upper case of the 
DC-power-supply section, and this transformer 23 supplies alternating current to a 



filament in the condition with high potential. DC power supply have the potential of 
800kV - 15000kV. Although the formed direct-current high tension omits a graphic 
display, the partial pressure of it is carried out by partial pressure resistance, and it is 
supplied to each electrode and the electron gun section within acceleration. 
[0019] The high alternating voltage of about 60000v is formed in the secondary of a 
transformer 23. In addition, although not illustrated, when output control resistance 
has been arranged and the load short circuit of electron-beam-irradiation equipment 
produces this resistance, that effect is the protective resistance of a sake making it 
be less than the direct high voltage section. Furthermore, the surge absorber 
constituted from a resistor and a coil is allotted to a high potential side circuit, and the 
high potential power supply section is taken care of. Moreover, arranging a capacitor 
to a serial is performed to one side of alternating current wiring for ****** prevention 
of a pressure-up transformer. 

[0020] It connects with the pressure-lowering transformer 25, and the secondary of a 
transformer 23 is changed into about [ 100V ] low voltage from about [ 60000V ] high 
voltage. The alternating voltage of about 100 V superimposed on the direct current 
voltage of high potential passes alternating-voltage stabilizers, such as AVR 
(automatic voltage regulator) which is not illustrated, and is introduced into the SURAI 
duck type voltage regulator 27. The SURAI duck type voltage regulator 27 is rotating 
type voltage adjustment equipment for adjusting the electrical potential difference 
actually impressed to a filament. This voltage regulator 27 is equipped with a revolving 
shaft in that center, is rotating that revolving shaft and adjusts that output voltage. 
Input voltage is about 100V and, specifically, output voltage changes between 0-1 00V 
corresponding to the angle of rotation. In this operation gestalt, further, by the 
filament transformer 29, the alternating current by which voltage adjustment was 
carried out with the voltage regulator 27 is made into a low battery (severalV- dozens 
V) in response to conversion of an electrical potential difference, and supplies a high 
current (several 10A) to a filament 1. A filament serves as an elevated temperature 
which are 2000-3000K by this, and a thermoelectron is emitted. 

[0021] Drawing 4 shows the insulating rod rotating around the voltage regulator of the 
operation gestalt of this invention. Die length is about 1m, the diameter is 30mmphi 
extent and the resin material of high insulation is used for the insulating rod 31. This 
insulating rod is in the high potential whose voltage regulator 27 is about 800kV, and 
since the earth side which carries out rotation actuation of this is ground potential, 
the electrical potential difference of about 800kV is impressed between them. For this 
reason, the metal member 32 for potential decision is fixed to this insulating rod 31 in 



the predetermined part. 

[0022] The SURAI duck type voltage regulator 27 is carried in the metal support plate 
41 by the side of high potential, and this metal support plate is supported with the 
stanchion 45 by the metal support plate 43 by the side of the earth. Also in a 
stanchion 45, a predetermined part is equipped with the metal member 32 for potential 
decision, this metal member 32 is connected to the partial pressure resistance 46, and 
predetermined potential distribution is given based on the direct-current high tension 
supplied from the high-tension power source 21. 

[0023] In this electron-bearrHrradiation equipment, revolution actuation of the 
insulating rod 31 is carried out by the pulse motor 33 arranged at the earth side. 1 
revolution (360 degrees) of this pulse motor 33 is carried out by 500 pulses as an 
example. Therefore, angle of rotation per one pulse becomes 0.72 degrees. Therefore, 
if the voltage output of 0-1 00V is made possible between them, the armature-voltage 
control precision of 0.2V will be acquired per one pulse. Therefore, it becomes 
possible by carrying out rotation control of the voltage regulator 27 by the pulse 
motor 33 to control to a precision the output voltage of the voltage regulator 27 
supplied to a filament by the pitch of 0.2V. 

[0024] Drawing 5 shows the relation of the electrical potential difference V and the 
output current I which are supplied to a filament. If Current I becomes large, as for the 
relation between the electrical potential difference V supplied to a filament, and the 
current I which flows on a filament, a filament will serve as an elevated temperature 
more, and it becomes rounded relation so that the relation between an electrical 
potential difference and a current may not turn into straight-line relation but it may 
illustrate from the temperature coefficient. That is, if output voltage is raised and a 
filament serves as an elevated temperature, the variation of a current to change of 
the electrical potential difference will become large, and precise control of a current 
value will become difficult. However, the output voltage of high degree of accuracy is 
extremely obtained by controlling angle of rotation of a voltage regulator 27 to high 
degree of accuracy using a pulse motor. This is enabled to control the filament current 
to a necessary value, and the electron ray current emitted as a result can be 
stabilized. 

[0025] In order to carry out the monitor of the actual filament current, the resistor for 
current detection is connected to a filament at a serial, and an electrical potential 
difference is connected to the ejection current detector 37 from the ends. An 
electrical potential difference is similarly taken out from the ends of a filament, and 
this is connected to the electrical-potential-difference detector 38. In the current 



detector 37 and the electrical-potential-difference detector 38, filament voltage and 
the filament current are calculated from these values. And this data is changed into a 
lightwave signal by the lightwave signal transducer 39, and is introduced into a 
monitoring device-cum-the controller 40 arranged through an optical fiber 51 at the 
earth side. This lightwave signal is again changed into an electrical signal, and the 
filament current and filament voltage are expressed to a display as a monitoring 
device-cum-the controller 40 by the side of the earth. Here, the optical fiber 51 is 
spirally arranged along the slot formed in the insulating rod 50, as shown in drawing 4 . 
Thereby, the die length of an optical fiber has prevented the discharge which met the 
optical fiber 51, when actual die length becomes long with about 3m and increases the 
creeping distance to the die length of an insulating rod being about 1m. 
[0026] Thus, since the filament current and filament voltage by the side of high 
potential can be directly grasped to accuracy by the earth side, it becomes possible 
by adjusting the pulse number of a pulse motor 33 by a monitoring device-cum-the 
controller 40 to control necessary filament voltage and the necessary filament current 
at accuracy. In addition, when abnormalities arise in filament voltage, the current 
supplied to a filament using the breaker style arranged in the power circuit can be 
intercepted. 

[0027] Next, adjustment actuation of the electron ray current in this 
electron-beam-irradiation equipment is explained. First, the inside of a vacuum 
housing is exhausted with a vacuum pump to a high vacuum (about 10-6 to ten to 7 
Pa). And the direct current voltage of about 800kV is supplied to the electron gun 
section and an acceleration tube by making various kinds of electric power switches 
into an ON state. And a monitoring device-cum-the controller 40 mentioned above 
detecting filament voltage and the filament current, a pulse motor 33 is rotated so 
that the output voltage of a voltage regulator 27 may increase gradually. By giving a 
necessary pulse number to a pulse motor, the insulating rod 31 rotates, the revolving 
shaft of a voltage regulator 27 rotates by this, filament voltage increases gradually to 
the output side, the current which flows on a filament 1 by this increases, and a 
filament becomes an elevated temperature gradually. And filament voltage and the 
filament current are given by carrying out the roll control of the pulse motor 33 by the 
side of the ground until it becomes the current value of about 500mA as a necessary 
current value, for example, the beam current. Thereby, a desired electron ray current 
is acquired. 

[0028] Moreover, by sending a pulse to a pulse motor from a control unit 40, when an 
electron ray current decreases or increases with the passage of time, filament voltage 



and the filament current are adjusted so that an electron ray current may serve as a 
request value. Since it becomes possible to adjust filament voltage and a current 
value to high degree of accuracy extremely by the pulse motor according to control of 
the filament voltage and the filament current which are built, thereby, the operating 
state of a filament can be held in the stable condition. Therefore, the operation control 
by which the electron ray current was stabilized becomes possible. 
[0029] 

[Effect of the Invention] Since the electrical potential difference and current which 
are supplied to the filament which is an electron ray source of release in 
electron-beam-irradiation equipment are controllable to accuracy according to this 
invention as explained above, operation of stable electron-beam-irradiation 
equipment is attained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing an example of electron-beam-irradiation equipment. 
[Drawing 2] It is drawing showing the electron gun section in drawing 1 , and the 
example of a configuration of an acceleration tube. 

[Drawing 3] It is drawing showing the configuration of the high-tension power source 
of the operation gestalt of this invention. 

[Drawing 4] It is drawing showing the insulating rod linked to the SURAI duck type 
voltage regulator in drawing 3 . 

[Drawing 5] It is drawing showing the electrical potential difference of a filament, and 
the relation of a current. 
[Description of Notations] 

1 Filament 

2 Accelerating Electrode 

3 WENERUTO Electrode 

4 Drawer Electrode 

5 Acceleration Tube 

6 Cooling Fin 

7 Electron Gun 

8 Filament Flange 

1 1 Electron-Beam-Irradiation Equipment 



15 Window Foil 

16 Deflecting Coil (Electromagnet) 

1 7 Scan Coil (Electromagnet) 
19 Passage 

21 High-Tension Power Source 

27 SURAI Duck Type Voltage Regulator 

31 50 Insulating rod 

33 Pulse Motor 

40 Monitoring Device-cum-Controller 
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k. 74 ypt.yh^U.W^hy ^^^yvy^y^s 
k. 7^7^^h79>>-'8WSi5r3K^L««^Sr^ 
i$rth7< >6m*t>ffif&ZtlX^&. m. &*rSl±to 

mm2<?)K&x'h&. 

[0007] m^iz&v zn^t-^commmTco 

X o izftbixt . ^cS^'gEiiS 7-f5^VM{il«j20 
00— 3 0OOiC<7)©iSkf9. 7 4 7*>bOi$imz 



(3) ^2002-6094 (P2002-6094A) 



i * h 3 te&mras i o *u 

ft<^»mE5 0 0~l 500kV#EPflD$iXT^S. il 

7^^Mc0W«ti^y^x> (W) , 
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a»5rttJI6ffL. #^SIgt«0jD)£«S2Ol^VX^ 
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yhizm^m^Lxmmi&mzim-r?>tzibut. 7 
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